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only through a precise knowledge of the prop-
erties of matter was progress in chemical sci-
ence to be made. As an independent investiga-
tor he naturally followed the lines on which he
had begun. At that time he was inclined to be-
lieve that some concealed relationship existed
between the properties of the elements and the
atomic weights and therefore undertook the re-
vision of some of these constants. Even as late
as 1910 he writes: "But some may contend that
the very exact determination of these quantities
is after all an abstract and academic question,
not of great practical significance. . . . When
mankind discovers the fundamental laws under-
lying any set of phenomena, these phenomena
come in much larger measure than before under
his control and are applicable for his service.
Until we understand the laws, all depends upon
chance. Hence, merely from the practical point
of view of the progress of humanity, the exact
understanding of the laws of nature is one of
the most important of all the problems present-
ed to man; and the unknown laws underlying
the nature of the elements are obviously among
the most fundamental of these laws of nature.
In brief, that is the reason why more than
twenty years ago the systematic study of the
atomic weights was begun at Harvard Univer-
sity by the author" (Determinations of Atomic
Weights, 1910, p. 98).

Beginning with copper he redetermined with
his own hands the atomic weights of barium,
strontium, and zinc and later largely with the
aid of graduate students as laboratory assistants,
he investigated twenty additional elements.
While in the course of this work many new ana-
lytical processes were devised and perfected, he
was early forced to the conclusion realized by
Marignac, Dumas, and Stas that the compari-
son of the chlorides and bromides of the elements
with silver and the silver halides provides an
analytical operation capable of greater precision
than any other. He brought the experimental
details of this comparison to a far higher degree
of perfection than it had previously reached so
that it has been possible for others to follow in
his footsteps with comparatively little effort. In
all this work especial attention was paid to meth-
ods of purification and to the possibility of vari-
ability in the composition of an element, long-
before the suspicion of isotopy arose. He rec-
ognized the difficulty of freeing any substance
from traces of moisture and devised the "bot-
tling apparatus" for protecting a substance once
dried from contact with moisture before it could
be weighed. The procedure which he found nec-
essary for determining the end point in the com-
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parison of halides with silver by means of
"nephelometer" has suffered little or no modifi-
cation in the course of years, while his investi-
gations on the contamination of precipitates
through occlusion have been largely the basis of
modern work on the subject. These determina-
tions of the atomic weights brought to light
many inaccuracies in older work, not excepting
the classical work of Stas, who was shown, first
in the case of chlorine, later in many other in-
stances, to have been appreciably in error. Up
to the present time (1934) Richards' redeter-
minations of the atomic weights have stood
practically unchallenged.

Although Richards was best known for his
revisions of the atomic weights, during the last
half of his scientific career this subject assumed
a subordinate part in his work. His interest in
physical chemistry, already keen, was consid-
erably stimulated by a period spent in study in
Germany under Ostwald and Nernst in 1895,
and for twenty-five years before his death a
large part of his interest and effort was directed
in various fields of physical chemistry. Thermo-
chemistry and thermodynamics in particular en-
gaged his attention. His first published paper
(Proceedings of the American Academy of Arts
and Sciences, vol. XXII, 1887) concerned the
constant heat of precipitation of silver chloride.
Later he devoted much energy to the perfecting
of thermochemical measurements and devised
the "adiabatic calorimeter" in order to avoid
the troublesome and uncertain corrections due
to gain or loss of heat of the calorimeter from
its surroundings and to lag of the thermometer.
An automatic design of this calorimeter was ul-
timately devised. New and highly accurate data
were obtained in this way, covering heats of
solution of metals in acids, heats of combustion
of organic substances, heats of neutralization,
specific heats of liquids, specific heats of solids
at low temperatures, and heats of evaporation
of liquids. The study of the data thus obtained
led him to the discovery that the magnitude of
the difference between "total energy change'3
and "free energy change" depends upon change
in heat capacity of a system during chemical
change and that this difference gradually disap-
pears as the absolute zero is approached. The
discovery antedated Nernst's third law of ther-
modynamics.

Richards' work in thermochemistry led him
into the field of thermometry and to the exact
determination for the first time of the inversion
temperatures of hydrated compounds for use as
fixed points. As a check upon the determination
of the atomic weight of copper by ordinary
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